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1 - Purpose *) 
The Costax-Boil programme has been developed for the analysis 
of those transients of thermal nuclear power reactors for 
which the spatial effects in the axial direction are of 
essential importance, either because of neutronic behaviour 
in itself (high reactivity accidents) or because of locali-
zed reactivity feedbacks such as void feedback for BWR or 
PWR in accident situations. It is built by coupling the neu-
tronic spatial kinetics in plane geometry and two energy 
groups to the thermal conduction equations in the fuel ele-
ments and the two phase flow thermohydrodynamics of the 
typical coolant channel by means of Doppler, void, and liquid 
coolant temperature feedback evaluated pointwise. 
Any kind of transient problem may be analized by the code, 
except those that imply a relevant variation of the general 
pressure level of the reactor core, as the thermohydraulic 
model is limited to constant physical properties of the 
coolant in the present version. The input allows scheduled 
time variations of general or local reactivity, or control 
rod insertion, freely combined with scheduled coolant flow 
rate and inlet temperature variations. The assumption that 
coolant physical properties are independent of space and time 
limits the applicability of the programme to those reactors 
in which the pressure drop across the core is not relevant 
compared to the general pressurization level. This condition 
is generally fairly met by PWR and BWR power plants. 
Manuscript received on 22 April 1970 
2 - Structure of the programme 
Each transient problem treated is started from an initial 
condition of equilibrium in which the reactor is critical 
in some configuration, keeping into account all the power 
feedbacks in the stationary state. Then time dependent 
perturbations are introduced in any of the available input 
parameters and the dynamic calculation is started and goes 
on up to a specified final time. 
Therefore at the beginning of each problem the programme 
enters a starting up procedure that is articulated as follows: 
a) After the reading out of the data and some preliminary 
calculations, assuming a flat power distribution, a statio­
nary calculation of the average coolant channel is performed, 
and the map of the results is printed; the fuel temperatures, 
coolant temperatures and void distribution are used to 
calculate pointwise the feedback for neutron equations. 
b) A fixed number of time steps in neutron diffusion kinetics 
(without delayed neutrons) are taken, starting from flat 
fluxes and using the neutronic constants given in input 
modified by the feedbacks obtained in a). The fluxes are 
normalized to give the prescribed initial power. This 
allows a first rough shaping of the fluxes. This first map 
of fluxes is printed. 
c) The criticality search is made, varying a chosen parameter 
(see options). Each iteration consists of a kinetic time 
step corresponding to the same time incrementΔί used in 
b), after which a new channel stationary calculation is 
performed with the new power distribution, and the new 
feedback is evaluated. A number.of time steps (up to 10) 
are then taken in the new condition to obtain a stable 
period in the new configuration; the reciprocal of the 
period is the objective value that has to be reduced to 
zero during the search by varying the parameter. The 
search is started with the parameter equal to zero, 
and the second 'iteration with a guess value given in 
input. In the following iterations the parameter is 
varied on the basis of the last two values obtained of the 
reciprocal of the period by linear interpolation or 
extrapolation, until the reciprocal of the period is 
analler than a given criterium in absolute value. 
The converged fluxes are then utilized to calculate 
the delayed neutron precursors concentrations at equili-
brium condition and the complete stationary conditions 
for the cooling channels, including pressure drops in 
the channel and the riser. A final complete print of 
stationary results is made and this concludes the static 
part of the problem which may be utilized also in itself. 
Then the dynamic calculation begins. Time step after time 
step in the neutronic calculation the current value of the 
nuclear perturbation parameters are interpolated in the 
input tables, and the same applies, whenever a thermohydraulic 
step is called for after a fixed number of neutronic steps, 
to the inlet velocity and subcooling variables when it is 
the case. The last current distribution of fluxes is the 
source for the power generation in the fuel rods at each 
thermal step, and the last values of the temperature and 
void distribution give the feedback for all the neutronic 
steps between two successive thermal steps. A flexible printing 
pattern is available for synthetic or detailed output of the 
results along the time. 
3 ­ Physical and numerical models and available options of 
the programme 
The physical model for the neutronic part is fundamentally 
unchanged from the last published code of the Costanza 
series, (EUR 3633 e) not considering minor improvements. 
The heat conduction and hydrodinamic model is illustrated 
in EUR 4052 e and the corresponding computer programme is 
EUR 4241 e. 
The feedback is represented locally pointwise as a reactivity 
factor that multiplies the neutron production cross section 
(fast and thermal) in the form sX¡_ = (i + okJMZ. nominal 
f 
òk is given as the sum of three contributions 
S k = SkD + Sk^ +$kT 
0kD is the Doppler feedback and is given as function 
of the average^ fuel temperature (three functional forms 
are possible, see input key) and of the void fraction 
(c<is defined as the volume fraction of the coolant 
channel occupied by vapour) 
O N ^ is given as a quadratic function of the void fraction 
σ Κ = CX.οι ¿- -c o^ " or may be given as a tabulated 
function of ¡χ 
O K­p is a quadratic function of the liquid coolant 
temperature σΚ= o^  (TV ~~ft , \ + b (T. ­Të ­ \ 
A multiple option is available for the criticality search. 
The search parameter may be a factor for all the ^<Lc 
cross section, giving a conventional k ~~ search (the k „­
found at convergence will be printed in the output in this 
case). Alternatively the search parameter may be chosen 
as a poison absorption cross section to be added in any 
region of the reactor or in any combination of regions; 
a fixed ratio between thermal and epithermal poison cross 
section is to be given in input, so that the search is 
performed, as it must, on a single parameter. As a third 
alternative, the search parameter may be the depth of 
insertion of a control rod bank. In this case the bank is 
represented by a specified thermal and epithermal cross 
sections and the direction of the rod insertion (parallel 
or antiparallel to the coolant flow) is specified at will. 
In the steady state channel calculation, different options 
are available on fuel geometry, and on other matters. 
We omit here the details, as they are easily understood 
from the analytical input description in appendix; they 
reproduce essentially the features of the FRANCESCA code 
(EUR 4241 e) except that no coolant inlet velocity search 
is admitted, so that coolant flow rate must be given 
either directly or indirectly by specifying the output 
quality in the steady state condition. 
The nuclear perturbation during transient is given as a 
time table. A double alternative of options is available. 
As for the nature of the perturbation, this is either a 
poison absorption cross sections insertion or a Òk 
insertion, by the latter meaning that a factor (1 +o k) 
effects the V ¿~ f cross sections. The modality of the 
perturbation may be a diffused insertion in any zone or 
combination of zones (obtained by zone weighting of the 
perturbation) or a bank rod movement represented as a 
shifting boundary. 
In the latter case the direction of insertion for the rod bank 
is specified at will. 
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In the dynamic channel calculation, the same features are 
present that in the already mentioned FRANCESCA code. 
The main option concerns the inlet flow rate of coolant, that 
may be either given as a time schedule, or calculated by the 
programme as it follows from the dynamic conditions taking 
into account the specifications for the driving pressure. 
For the details here also the reader is referred to the 
analytic description of the input (and to the quoted report 
EUR 4241 e). 
4- Directions and suggestions for the user of the code 
The whole programme, aiming to provide a practical tool for 
calculations is, as it happens in such cases, a rather intricate 
machinery, and the author is unable to give a complete descrip-
tion of its working that, to be useful, should be more readable 
that the FORTRAN listing itself. A real know how of its functio-
ning and possibilities can best be gained by using it in practical 
cases. The input, key given in appendix should be the essential 
guide to the use of the code; as however the author is well 
aware that many items may not be clear to the user, care was 
taken in framing the input, so that whenever a puzzled user 
omits an indicator, or even a parameter whose definition looks 
obscure, the code automatically selects what in the author's 
opinion is best or more convenient in the majority of cases. 
Of course no sensible answer can be expected if essential 
logical or numerical information is missing. 
A specific direction is given now about the use of DATA (I700). 
In a problem implying a rod drop, a scram or anyway the movement 
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of a bank of rods, it may be important to represent the 
rod starting from a specified position, inside the core. 
On the other hand, the programme is so conceived that it 
must start from an equilibrium condition; therefore the 
time zero insertion value has in the programme a double 
effect: a rod specified as the negative counterpart of 
the rod to be moved is positioned permanently at the 
position specified, while the actual rod is set in the 
same position to be subsequently moved. The net effect 
at time zero is nil, as it should be, and a net effect 
will appear only when the rod is moved. If the user wants 
to represent the sudden appearance, of a rod in a given 
position at the time zero, he should give DATA (1700) as 
zero and give the wanted position as DATA (1 701 ) corres-
ponding to a successive time smaller than the calculation 
time step, as this will produce the desired effect. 
Some observations on the general use of the programme 
follow. When in a problem one tries to represent an actual 
transient in a real reactor, one will find always some 
difficulty in adapting the one dimensional model to the 
real case. In our opinion the best way of proceeding should 
be the following. First the best guess at the reactor 
starting configuration should be worked out, and the problem 
run as a stationary one with ok search. Observing the results 
will permit to adjust, if it is required, the poison cross 
sections or the boundaries of the regions to have a better 
matching with the real situation. A stationary problem will 
generally take less than one minute of machine time on a 
IBM 360/65. When satisfactory results are obtained for the 
stationary situation the time dependent perturbation should 
be introduced, and the complete transient calculated. 
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Sometimes it may even be useful to run a short transient 
without any perturbation, to check the equilibrium condition. 
In normal siatuations, everything should stay constant, or 
change irrelevantly. A fluctuation however will not necessa-
rily indicate that something in the calculation is wrong; it 
may happen that the system is physically in an unstable 
situation, and in this case the numerical errors are sufficient 
to start an oscillation. The reader must be aware the convergence 
of the iteration process that leads to the equilibrium condition 
is not theoretically proved; all that can be safely said is that 
we always found it to converge when the physical problem was 
a sound one. Starting from an initial configuration which is 
very far from critical, it may happen that the iteration process 
produces negative fluxes. When this happens, no recovery of the 
iteration process is possible and the programme will be stopped 
by some diagnostic (typical is the square root of a negative 
number, occurring in the feedback calculation because of negative 
fuel temperature). In such cases, the first thing to do is a 
careful scrutiny of the input, to detect unphysical conditions 
(negative absorption cross sections, wrong order of magnitude 
of nuclear data, inconsistent geometry, and so on). If every-
thing is all right, but the reactor is too far from criticality, 
altering beforehand the M^f data by a common factor, so that 
the problem becomes more manageable is a good move, and the 
following one is to decrease the time increment At for 
initialization (DATA 11). A better second guess for criticality 
parameter is also helpful. In our experience a physically 
well posed problem has always converged satisfactorily, 
sometimes after some trials. The convergence is easier for 
òk search, it may be more difficult when control rod insertion 
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is the search parameter. This is easy to understand, if 
it is considered that in BWR problems it may very well 
happen that two rod positions are critical at the same 
time, because of the interaction between flux shape and 
voids, through void coefficients. In this case the iteration 
process may succeed in finding one of the two equilibrium 
positions or it may oscillate among the two, or even 
diverge. In such cases the rod position should be fixed in 
input (utilizing region constants definition) and the search 
made on 6k. 
Generally, when a problem is well posed, the number of 
iterations for criticality search should be below 50, very 
often below 20. When a small Δι has been used, it may 
happen that the maximum number of iterations is exceeded. 
The solution often is nevertheless good, but in this case 
the trial of an unperturbed dynamic run is advisable. 
Should the results be unsatisfactory, the static problem 
may be repeated altering the \) 2.f cross sections and with 
a wider time step for initialization. 
A warning is also given against the tentation to use 
always the full capacity of the programme (100 mesh points). 
This is most of the time a pure waste of machine time, and 
may make things more difficult. In our experience, 50 mesh 
points in most cases is all what is needed, and very often 
30 give a more than adequate representation. The reader should 
bear in mind that, also when the static problem is used for 
its own sake, the goal is to reach a fair representation of 
flux shape and heat fluxes, and by no means the exact 
determination of k _„, for which a one dimensional tool is 
err 
clearly insufficient. Very often a mesh size of the order of 
10 cm has been found quite adequate for power reactors. 
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5 - Output 
The output of the programme is largely selfexplanatory. 
The input data are first printed. Then the delayed neutron 
groups composition is shown. 
A summary of the coolant channel characteristics follows 
with the results of the thermal calculation corresponding 
to a flat distribution of power; the pressure drop appears 
as zero, as the calculation is not yet performed at this 
stage. 
Then the first map of fluxes is printed, which corresponds 
to the first initialization step, performed with the feedback 
corresponding to the flat thermal calculation. The power column 
is normalized to the average value of the power and the average 
is given in watt per cm of height of one single average channel. 
The averages appearing in the DK columns are weighted on the 
square of power, for best comparison with point models. 
Then the criticality search results are printed; a complete 
map of the neutronic and thermal results for the equilibrium 
state is given. Then the output of the dynamic calculation 
follows: the printing pattern is freely chosen by the user 
among three possibilities: complete maps of values, average 
on regions and global values. In the print of region values 
FLM1 indicates average fast flux in the region, FLM2 average 
thermal flux and AVPO average power in regions relative to mean 
power. By PINT is indicated the total integrated power in Joule. 
The map of channel results gives for each axial mesh the following 
items: Power/cm POW, Heat flux FI, vapour quality Q, void 
fraction VF, temperature of the cladding surface TSUR, inner 
temperature of the' cladding TICL, average temperature of the 
fuel AVTF, maximum (central point) temperature of the fuel 
TMAXF and liquid coolant temperature TL. If a riser is present, 
the void fraction is given, while the quality is printed as zero, 
because it is not memorized. 
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The Sample problem output in appendix is an illustrative 
case of a reactor which is not boiling in the nominal 
condition. There is no perturbation, and the dynamic 
calculation shows practical equilibrium, up to 0.5 seconds, 
then a pump trip is simulated, followed by a scram. 
6 - Input form 
Many problems may be executed in one run. For every problem 
the first input card is a title card, in which any alphamerical 
information may appear in columns from 7 to 70 included. This 
title will appear in the output - a 1 in column 6 means that 
the problem is the last of the run. 
A vector of 3500 memory positions DATA (1) to DATA (3500) 
contains all the data in floating point form (internal 
conversion is performed by the code when needed). Since 
entire groups of memory positions are zero, it is possible 
to read different sets of significant data; each set must 
be preceded by a card containing the integers Ki , K12 
defining the first and last datum of the set. Ki and Ki 
are given in integer form adjusted to the right at columns 
12 and 24. The last set of a problem is indicated' by -1 in 
columns 1 and 2. The data of each set are all in floating 
form (FORTRAN FORMAT E 12.8). Any number of problems may 
be run in sequence and only the data changing from the 
preceding problem need to be given. A title card must be 
present for each problem. The key to the input is given in 
appendix A. 
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7 - Computer specifications and programme's performance 
The programme has been assembled at the CETI S computing center 
at Ispra on IBM 360/65 in FORTRAN H 360 optimization level 2, 
except the routine FUELS, for which the optimization level 0 
has been employed, as it was found that level 2 gave unexpla-
ined execution errors due to bad compilation. The programme 
will be available at the CETI S nuclear code group - Ispra. 
The running time is somewhat difficult to assess, as it 
depends on many items. An average problem of 50 mesh points 
will require of the order of the minute on 360/65 for every 
1000 neutronic time steps and about 2 minutes for every 1000 
thermal steps. The stationary calculation will generally 
require less than 1 minute in the whole. A typical problem 
may require in total around 5 minutes. 
The programme has been extensively tested and used by the 
author in ?r;any different ways, and no logical mistake has 
ever been detected. As the combination of available options 
is unusually large, no absolute statement can be made that 
the code will work correctly in all the possible consistent 
uses, but the author is pretty confident it should. 
Physically, the inner consistency has been carefully checked; 
the neutronic part of the calculation have been tested in 
straight-forward cases where the analytical solution may be 
calculated with nearly perfect agreement. The channel calcu-
lations had also been checked at it was mentioned in the 
FRANCESCA code report (EUR 4241 e). The code has been used 
for the calculation of an experimental pump trip case for the 
Lingen BWR power plant built by AEG for which the data were 
available, with surprisingly good agreement. 
We want here to thank Dr. Wolff of the AEG and the methods 
group of AEG headed by Dr. Schmidt for the helpful suggestions 
and criticism and the opportunity of access to real plant 
data and problems in the frame of a fruitful collaboration. 
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At for transient calculation 
Δ Ζ mesh width 
Number of mesh points 
Number of regions 
Number of delaved neutron qroups 
Number of steps for initialization 
Put alwavs 1 
Search indicator 
- 1 Search for i K f f 
0 Poison search 
1 Control rods inserted from 
top ( ent TV of the coolant"^ 
2 Control rods inserted from 
bottom 
Area of the core cross section 
Transversal Buckling 
At for initialization 
Steadv state power of the reactor 
Number of charme1? n'n the core The power given to the average channel 
will be P0WER/ICAN 
Thermal calculation will be made ever' 














1/15 of minimum expected 
period generallv gives good 
results. 
up to 100 
up to 12 
up to 10 
30 is sugaésted 
This value is employed to norma 
lize the neutronic fluxes to the 
given total power for the whole 
10~4 is suacrested (reactor. 
Put 0 if no channel calculation 
is wanted 
















11 , 12 
DESCRIPTION 
Doppler feedback indicator 
0 8 K = bfea ^ - ^ ^ ( D A T A P S H 
D 2 -1 ÍK = aCT-T0UbCT-T0^ 
+1 ÜK = afVT-VT0i 
Reference temperature T0 of the fuel 
for Doppler feedback 
Reference temperature for linuid 
coolant temperature feedback 
Coefficient in void dependent 
Doppler feedback (see DATA (15)) 
ß. Delaved neutrons·precursors 
vield per fission 
7\ . Delaved neutron precursors decav 
constants 







°C mav also ^e emploved if 
IDOP = -1 
All temperature should be 
given in the same unit, so °C 
mav he used if the snuare 
root formulae are not employed 
for Doppler feedback 
The first value must be 1 and 































D Fast group diffusion coefficient 
Σ = 1 ,+¿ „ Total removal cross r sd af „ „ section from fast aroup 
Σ Slowing down cross section from 
fast to thermal 
fi Fas't neutron production cross 
section 
Fast group neutron velocitv 
E ¿f Fission energv production 
cross section for group 1 
D Thermal, group diffusion 
coefficient 
Σ. Thermal group absorption cross 
section 
τ 
**-£0 Thermal neutron production 
cross section 
Thermal group neutron velocity 
Ε Σ_ρ Fission energv prodxaction 
cross section ­ group 2 
Not used 

















Only for ICAN>0 
Omit if no coolant channel is 
present-Neutronic calculation 























If 0 the feedback coefficients are 
eoual in all the regions. If 1 thev 
are given regionwise 
a in Doppler feedback formula 
b in Doppler feedback formula 
2 a in void feedback formula £k =a*+ b<*. 
b in void feedback formula 
a in linuid coolant temperature 
feedback 2 S k = a(T-TREF> + b(T-TREF) T 
b in coolant feedback formula 
Same for 2nd reaion 
etc.. 
Mesh number of the beginning of the 
core 







see Data (15Ì 
Units depend on formula-Tempe-
rature in Kelvin or °C 
May be omitted, if the void 
feedback is given as a table 
(see DATA f 1000)) 
Only if DATA (300)>0 
First node of the active 
channel, if channel is present 
If omitted, the code will 
take 1 
If omitted, the code will 
take IMAX 




















Number of radial meshes in the fuel 
for thermal conduction 
Full print of thermal data every IP1 
restricted prints 
If 1. Standard formulae for water are 
selected 
0. Cylindrical fuel element 
1. Slab element 
-1. General geometry 
0. Thermal parameters in fuel are 
constant 
1. Variable parameters ("functions of 
temperature1 
0.->Constant power density along the 
thickness of the fuel element 
1.->Power in radial zones given in 
input 
-1.->Power is the same in all radial 
zones 
O.-^ -No operation 
1 .-*0rificing at the inlet of the 
channel is calculated to match 
a given pressure drop in the 
steady state 
0. Inlet velocity of the channel is 
calculated by the code during the 
transient 
1. Inlet.velocity is tabulated as a function of time 
UNIT REMARKS 





















0. Driving pressure is a function of 
the inlet velocity Λp=Apn+a(v-v ) -ur \2 o +b(v-v ι 
0 
1. Driving pressure is tabulated as 
function of time 
Two phase friction multiplier selectoi 
2 0. TPM=1+ax+bx (x=vapour ouality) 
2 -1. TPM=1+a*+b<s (ot=void fraction) 
f 1 . TPM=1 ,+a^+bx 0(=TMART —-) 
-1 -2 X 4-2. TPM=1 ,+ai/ +b/ 
Number of meshes in the riser (put 
zero if no riser) 
Index of the riser meshes where local 
friction loss is present 
leave blank 
Geometrv indicator 
0. Radial zones in fuel have constant 
area 
1. Uniform radial mesh 
-1. Radii of fuel zones given in input 
O.-^ Q calculated by the code 
1. 9 given in input 
Indexes of the active meshes where 
local friet'on losses are present 




Only if IVIN = 0 
up to 10 


















A Coolant cross section area 
DIAF Fuel diameter (or thickness^ 
GAPTH Cap thickness 
CLTH Cladding thickness 
ROF 7uel densitv 
CPF Fuel specific heat 









3ap thermal resistance 
Cladding densitv 
Cladding specific heat 
rhermal conductivitv of the cladding 
Fuel element width 
Total inertia of the channel 
Factor for gravity pressure drop in 
in the riser (if omitted, the code 
will take 1. Give h/1 otherwise^ 
Ratio of the power di rectiv added to 
the liauid coolant (vravs and neutron 
moderation^ the total power produced. 







/ 3 a/cm 












Onlv for slab geometrv 
The inertia is expressed as 
the eauivaient length of a 
channel of constant cross 
section A with the same 
inertia of the actual channel. 





























Printing time interval (restricted 
print) for thermal output 
Dummv 
Inlet temperature of the coolant for 
steadv state 
Inlet velocitv of the coolant for the 
steadv state 
Friction coefficient in the active 
channel 
Ar. =FFK. Λ Z.- t {r^V ' 
Friction coefficient in the riser 
Same Formula 
Imposed exil nualitv For steadv state 
Imposed pressure drop For the steadv 
state 
Saturation temperature 
Liquid coolant dens i tv 
Vapour density 
Coolant specific heat 












/ 3 ar/cm 
/ 3 gr/cm 
i ou le 
gr°C 
j ou 1 e 
gr 
REMARKS 





ted by the 
tted if the exit 
given 
it will be 
by the code 
it will be calcul 
code 
a-



























Convective heat transfer coefficient 
Boil.inn heat transfer constant 
(f =HB Δ Τ η ì 
Exponent m the boi 1mg heat transfer η correlation s) =UB Τ 
Bowring ratio of heat transmitted 
through vapour bubbles to total heat 
transmitted hv boiling mechanism 
Bankoff's slip constant 
Relaxation parameter for void profile 
in diabatic two phase flow 
Recondensation time constant for 
subcooled boil ina 
Vaporization time constant for 
superheated liquid (put zero if no 
overheating is wanted") 
Coefficients for two phase flow 
friction multiplier 
Coefficient for two phase flow 
friction multiplier for local 
losses ρ 
TPM local = 1,+ALOCX+BLOCx 
oefficient in Lockhart-Martinelli 
parameter 











Omit if standard formula for 
water is selected (ISTD=1) 
Omit if standard 
Omi t if standard 
Omit if standard 
Omit if standard 
Omit lacking better information 
Omit lacking information 
Omit lacking information 
See DATA (461) 
Needed only if IFRIC = 1,2 
Mav be omitted also if standard 
































Coefficient for momentum flow of 
liquid at outlet 
Same for vapour 
Same for inlet liquid 
Inlet pipe height 
Inlet friction coefficient àp=CFFI pv' 
2 Riser length 
Riser flow area 
Gravity direction cosinus (+1. for 
upwards flow) 
Dummy 
Coefficient for external driving 
pressure 
DPEX =^p (1 ,+ΑΡΕΧ'Αν+ΒΡΕΧ'^ν > o 
To1 
in formula K=k +a(T­T Uh(T­T ) 









Omit lacking better informa­
tion. They will be taken as 1 
Needed only of IVIN = 0 and 
IEX = 0 
Only if IVAR = 1. 
if TKF is omitted the 










































a > in the same formula for fuel 
specific heat 
To \ 
a S· same for­cladding thermal 
1 conductivitv 
To \ 
a V same for cladding specific heat 
b J 
Values for local pressure drop 
coefficients in riser 
Δ v± = CFRZ (ι) . 1 £ Ο/β)2 
Same for active channel 
(same formulaï 
Radii of successive regions in the 
fuel pellet 
Corresponding power factors (relative 











Of IDF = ­1 
if JPØW = 1 































Viscosi tv of liquid cool ant 
Water conductivity 
Viscosi tv of vapour (it is needed to 
evaluate Martinelli parameter TMART 
if not given in input. Formula 
empi oved is 
Ύ M 0.143 ρ 0.571 y x (' ψ ) rrvap χ A 1-x ^ v a p f water 
Hydraulic diameter of the channel 
(appears in Col burn formula for 
h =0.0o 3 ­ï Rev ° ­ ñ p r 0 · 4 C D η 
Not employed 
Area of the heating surface per cm 
of height 
Thermal capacity of the cladding per 
cm of height 
Thermal conductance of the cladding 
per cm of height 
Mass/cm in everv zone in the fuel 
element 
Thermal capacities in the fuel 















Needed onlv when ISTD = 1 
(Standard formulae for water) 
Only if ISTD=1 and/or if 
IFRIC=1,2 and TMART=0 
Only if ISTD=1 
Only if IFRIC = 1 , 2 
Only if ISTD = 1 
Only for general geometry 












Thermal conductivities from one zone tc 
the following in the outer direction 


































Times for the inlet velocita 
tabulation 
Values for inlet veloci tv 
Times for inlet temperature tabulation 
Values for inlet temperature 
Times for external driving pressure 
tabulation 










On!­"· when the corresponding 
options are checked 
First time in each table is 
alwavs zero. If the first value 
is zero, the steadv state is 
kept 
After the last value of time 
the values are kept constant to 
the last value of the Table 
Therefore if no DATA are 
entered in a table, the values 
are kept constant to the steadv 
state value if the tabulation 
option is checked. 











If greater than zero, void feed back 
is tabulated (10 values^ 
Give ten values of h k corresponding 
to X = 0.1 , 0.2...1 .0 
Same for 2 region, if DATA (300ï ? 0 
UNIT REMARKS 
Omit if DATA d000ï is zero 
the guadratic formula will be 
empioved 


















Maximum number of trials for search 
Convergence criterium For search 
(10~31 Reciproca1 of period will be 
less than DAPF 
Second guess oF contro1 parameter for 
search d a 0 , cm oF rod insertion, 
orkki 
- P2 corresponding to control rods 
Ratio s. /> For poison P1 P2 
I if poison is nresent in region I 




50 is suggested 
First guess is zero 
Onlv if banked rods (IDIR=1 
Not used if IDIR = -1 
(K ££ search") 
Onlv when diluted poisons 
search is done dDIR = 0^ 
,2) 

























0 perturbation is given as absorption 
cross sections 
­1 perturbation given as ¿> k 
0 perturbation is diffused 
1 banke d rod perturbation from t O D 
2 banked rod perturbation from bottom 
Ration /Σ for absorption 
perturbation^ 
Control rod Σ ^orkk if IDKF=­1ï 
for perturbation 
Successive times for perturbation 
insertion 
Time zero insertion for perturbation 
parameter 
Insertion values for successive times 
Factors which multiply the val\^e 
VBAR(t^ in each region I 
* . 
Í UNIT 
­1 , cm or o k 
sec 
REMARKS 
Onlv if IDKF = 0 
Onlv if IDIR = 1,2 
The parameter m^v represent 
depth of insertion (cm^  of rods, 
orZ v or ^  k, according to the 
options checked . See directions 
and suggestions page' of the 
text. 
Considered on 1" if IDIR = 0 


















Maximum number of tri a1 s for search 
Convergence criterium For search 
(10~3^ Reciproca1 oF period will be 
less than DAPF 
Second guess oF contro" parameter for 
search (¿a , cm oF rod insertion, 
orkki 
c 
- P2 corresponding to control rods 
Ration /? For poison P1 ?2 
I if poison is nresent in region I 




50 is suggested 
First guess is zero 
Onlv if banked rods (IDIR=1 
Not used if IDIR = -1 
(K çç search") 
Onlv when diluted poisons 
search is done (IDIR = 0^ 
,2) 
I 
















tTT Number of time step for the n 
printing pattern 
Number of time steps for the more 
frequent tvpe of print 
Tvpe of more frequent output 
1. onlv power, average fluxes and 
period 
2. complete map of fluxes and delayed 
neutron precursors concentration 
3. same as 1 plus region averages 
4.5 no print 
Number of time steps for the less 
freguent tvpe of print (must be 
multiple of H P and divisor of KTP ï 
Same as U S for less freguent output 
Not used 
END of DATA 
UNIT REMARKS 
η = 0, 1, etc.. 
As manv cards as wanted mav be 
given, allowing successive 
printing patterns. 
After the last is completed 
the calculation stops and a 
final print is done. Then the 
control is transferred to the 
beginning of the programme to 
start a new problem, unless 
the title card contains a 
positive integer in column 1­6, 
in which case the run is stoppeld 
Appendix Β 
-4 
Data and output listing for the sample probi em. 
0 . 0 1 ι . 
4 4 7 7 . 
1.^1 o 
n . « n o 
1 . 3 1 9 
p . q - J O 
1 . η ? 
0. c»? Ρ 
- 1 . 3 
3 . 
1 . 
0 . o? 
p . n i u 
367 · 8 
2 5 1 . 5 
? " 7 . 
FO. 
3 0 . 
8 6 . 8 
0 . 
R O . 







1 8 . 3 ^ 
H . 
κ. 
8 3 . 
3 . 1 3 
3 . 
301 
- 0 5 0 . 
45Γ 
0 . 0 0 8 6 5 5 
0 . 0 0 ^ 9 2 
0 . 0 0 8 6 5 5 
0 . 0 0 3 9 2 
0 . 0 0 8 6 K K 
Π . ? 0 3 9 ? 
KOI 
5 3 P 




1 6 0 Γ 
I f 17 
I f 21 
1 7 0 1 
1851 
I N P U T L I S T 
i' SAMPLE PPO^I.FM 
M 
2 5 . 
7 7 ί > 0 0 . 
- 1 . 
3 6 
- 0 9 2 6 9 . 





3 9 8 . 
0 . 8 6 5 
- 6 5 . 
1 .15 
0 .49O 
' . 5 
0 . 0 0 1 
• 
4 0 ? . 
K O . 
46 
64 




5 3 0 
53e; 
^so 
6 0 e 
- 0 3 
6 8 2 
6 9 2 
1 6 0 2 
1 6 2 0 
1 6 2 2 
1 7 0 2 




0 . 0 0 0 1 6 
6 4 0 . 
0 . ^ 0 1 
2 3 . 
0 . 3 0 7 7 6 2 7 
0 . 0 0 4 7 8 8 
O.3077627 
0 . 0 0 4 7 8 8 
0 . 0 0 7 7 6 2 7 
0 .ΡΠ4788 
0 . 0 ^ 6 6 
1 . 
1 . 
O . 0 0 K 
6 . S S 
0 . 
O. n 171 
0 .0 5 
5 . 2 2 
0 . 5 
1 . 
0 . 0 0 1 
o. 
• 0 1 
3 . 
0 5 1 3 1 . 
0 . 1 1 1 
2 5 . 
0 . 
2 7 0 0 0 0 . 0 . 2 7 0 0 0 0 . 0 . 2 7 0 0 0 0 . 
o . 
0 . 
0 . 0 4 0 .335 0 . 5 
5 . 1 8 
­ Γ . 0 7 8 5 
1 0 0 . 
6 . 
O . D O l 2 6 2 . 5 
- 0 9 1 4 5 . 
0 . 3 3 0 5 
5 . 6 . 1 9 5 . 6 . 1 9 5 . 6 . 1 9 
­ 0 . 6 
0 . 0 . 
1 0 . 3 5 
0 . 1 5 9 
1 2 7 5 . 
0 . 3 1 3 
60 
3 3 . 2 . 
0 5 2 1 . 
0 . 3 1 2 4 
+ 0 6 
- 1 4 
+ 0 6 
- 1 4 
+ 0 6 
- 1 4 
­ 0 5 
2 . 
+ 08 
­ 0 5 
0 . 
3 . 3 3 5 0 . 
2 . 5 
00 
i l i 11» AXIA¡_­3J IL I .JG C.IAJNEL T . ; . R . EURAT 3.1 IÒPRA 
SAMPLE PRÜ3LE:1 CüSTAX 30 IL 
7 I J 3 i 41 
u i 
dx 87 93 99 i 05 i i i 3 0 1 45J 452 453 50x 3ü7 5 1 3 
J Í J 
J 2 3 
J 3 J 5 4 / óüx c>30 
i 500 x ó l / i 6 2 x i 7 ü x i 3 5 i 
υ. i JOOOOL­
0 .1000002 0.4477UOu U.3J00Ü02­





l J l ' J O J E 959000 t. i 3 i 9 0 ü ^ 9590ÜJL 1­>19G0L 
93 ; O C J O i 3 a o o ü L -3.3000002 J . 3 0 0 0 0 0 2 3.ÌO0O0O2 O.9_0009«_ U í 33 4000L­Ü .3o7300 i . 0 . ^ 5 x 5 0 J 2 o . 2 J 7 o o u 2 ü.5JÜUüüi_ 0 . 3 0 0 0 0 0 2 ü . 3­>30 30ι_ U.Ü 0 .2300CJ, . J.5JOOQOL 9 . 1 JUÚüJi. 
O . 2 J 0 0 0 0 L : U.Ü J . 3 J000Ji_ 
0 1 01 04 33 J i 31 J i 00 01 JO O i JO 04 J i J i J i Jü J i 
J­5 
3 3 




j i JI 
03 
c 6 1 4 32 •+2 y¿ 32 JG 34 * J 0 i O ó 
1 1 2 5J2 
i i l 4 3 3 4 5 9 5 3 2 5 J6 5 1 4 5 2 0 526 559 3*8 3 J2 ­»Ji o 31 i J J X ^ J x 8 i o 2 2 J.7J2 
χ 352 
0 . 1 3 3 JO J2 ■J.1000002 J .3J00JG2 J . J500OO2­0»1130002 J .30ÛJO0J J . 3653002­0 .5920002 ­Oé 3 J 5 5 0 0 2 ­J .5920OJ2­
J . Jo55902­
3 .392 3O J2­3 . 0 J .¿300002 3 .2 393J02 J.O J . 1 0 8 0 0 0 2 J._JÜ30O2 J.O 3 .5380002 J . Jo50002 • J . a 5 JJ092 J . i 
Í.J.J.5 J002­3 .4990υ0^ 0 . 2 5 0 3 302 J . i JO 3002­J . 2 0 J J )JJ 0 . 2 5 0 3092 J . ^ J J J J O ^ J . 5 0 0 0 0 0 ^ 
32 
η 




0 1 31 
13 )Q 32 
■32 0 0 31 •02 31 31 33 0 2 
3 0 .250000E 02 9 0 . 7 7 6 000E 05 1 5 - 0 . 1 0 0 0 0 0 2 0 1 33 0 .26JOOOE­02 43 0 . 3 0 1 0 J 0 E 00 o3 O.230000E 02 
33 0 . 7 7 6 2 7 0 E ­ 0 2 89 0 . 4 7 3 8 0 0 E ­ 0 2 )5 0 . 7 7 6 2 7 0 Ε ­ 0 2 1 3 1 0 . 4 7 J 8 0 0 E ­ 0 2 107 0 . 7 7 6 2 7 0 E ­ 0 2 113 0 . 4 7 3 8 0 0 E ­ 0 2 303 0 . 6 6 0 0 0 0 E ­ 0 2 
454 J . 1 0 0 0 0 0 E 01 460 0 . 1 0 0 0 0 0 E 0 1 503 0 . 5 0 0 0 0 0 E ­ 0 2 5 39 0 .655090E 01 515 0 . 0 521 O . 1 7 Í 0 0 0 E ­ O 1 527 0 . 5 0 0 0 0 0 E ­ 0 1 
549 0 . 0 
333 0 . 5 2 2 0 0 0 E ­ 0 2 682 0 .500000E 00 
6 ) 2 3 .130030E 01 
1602 O .100000E­02 
1619 0 . 0 
4 0 .300000E 0 1 10 0 . 1 6 0 0 0 0 E ­ 0 3 16 J .640000E 03 3 4 0 . 1 3 1 0 0 0 E ­ 0 2 44 0 .111000E 00 64 0 . 2 5 0 0 0 0 E 02 34 0 . 0 90 0 .270000E 06 96 0 . 0 x02 0 .270000E 06 1 0 8 0 . 0 
x l 4 0 . 2 7 0 0 0 0 E 06 
304 0 . 0 
4 5 5 0 . 0 
4 o l 0 . 0 
504 0.400000E­01 
510 0.335000E 00 
516 0.500000E 00 
522 0.0 528 0 .518000E 01 
550 0 . 1 0 0 0 0 0 E 01 
o04 0 . 0 
1υ20 ­0.785000E­01 
5 0.6000O0E 01 
11 O.lOÜ^noc­02 
17 0.26250nc 03 
35 0.145OO0E­02 
45 0.305000E­01 
85 0.500000E 07 
91 0.619000E­13 
97 0.500OOOP 07 
103 O.Ó19000E­13 





505 0.103500E 02 
511 0.159000E 00 
517 0.0 
523 0.0 
529 O.127500E 04 
605 0.813O00E 00 











506 0.335000E 00 
512 0.0 
518 0.0 
524 0.250000E 01 
530 0.0 
1333 J .300000E 0 1 1054 0 . 1 0 0 0 0 0 E 03 1855 0.20OOO0E 01 1956 0 . 0 
5ÜTA 









1 1 3 0 0 2 
OOi. 3 02 
i l l JG2 








FJ2L RA3IU3 0 .54U00E CO 
D2.JÜTY 0 . x0350 i . 0¿ 
J i L JATA 
;1AS5/C 1 
0 . 3 4 3 1 5 2 0 1 
CLAJ RADIJ5 
0 . 5 4 5 0 0 E 00 EXT.RADIUS 0 . 5 8 5 0 0 E 00 
3 R2 3I0;iS I.J F022 RAO 11 Ü.3ÍJ .77 0 . 4 4 J 9 x O . 5 ^ J J 0 RELATIVE PJÌJ2R 0 . 3 3 3 3 3 0 . ­ .3J33 G . 3 J 3 ­ . 3 
ItLlPERATURE IND^PJ/IJE.JT CJ.J5TAJTS 
cpf ¡;F CPCL κ α 
Ü.3350JJE QJ C . 5 3 * C O 0 2 ­ 0 J . 0 . 3 3 5 3 0 3 2 JO 0 . 1 5 9 0 3 0 E 00 
O 
S T A T I C C A L C U L Â T I G . i 
ChU.J.luL JATA H2 I ¿HT 5 u 7 . a C.I o . ­ T l J . i I.JLuT ΡΙΡ2 » I t i 3ΗΓ j . j ,J0 R i o LR 
T O T M I . CHANNEL i'ÜJwR I.J FJ2u J . »46732 Ι5ΛΑΤΤ TJTAx. CHAJN­i. .'ü.J*.R 11 OJuUUT J . 9 .JATT 
0 . 9 2 0 C 12 CÜJLA.JT Ü&JSITY 0 . 8 6 5 0 0 G/CM3 G R A V I T V ^ 9 9 0 . 0 0 0 CM/SEC**2 
OPTIL Jo 
IMPJ3..J PRESSURE J.'<JP 2 . 5 3 ) 3 3 3 BAR 
SEARCH FÜR IHL2T JRIF IC iHO FJR = 0 . 0 
I.J22T V2LÜCITY /\/:.i--T/= 39 3 . J JQ CM/32C ¿ΑΠ jJALITY / / . J J T / = - J . ) 7 » 2 5 AVi .UJE V J I J FRACTION / V / r / = O.J PJJ2R F2JX TJ CÜJLA.JT / T . I F / = 0 . 4 4 5 7 3 2 33ΛΑΤΤ PJU2R JJTPüT 0 .4 ».WOE )5 
PR20..JR2 JRJP 2 . 5 0 )JJ 3ΑΛ INJLiiT' 3.0 CHA.U2L 0 . 7 4 2 6 7 FRICTIJH J .4500S SUAVITY 0.31178 
HEAT' TJvUSF2R CuHSTAilTi 
HC 0..3172^2 JI 
TcTA 2 . 2 6 
11.3 J.u32732—01 Τ¿TAF 3. 3i 
RISER 0.0 
¿PACE ACCEL. 0.0 
A.J 
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P J i J 
0 . x _ _ 4 3 i _ 
0 . x 2 . 4 5 L 
Ü . . 2 . 4ÒL 
0 . x 2 . 4 ' J 2 
0 · i 2 χ 4 5 L 
J . x 2 x t J 2 
J . x 2 _ > J 2 
J . I 2 ­ 4 J U 
0 . l i i t o » 
9 . X 2 ^ 4 J U 
0 . _ 2 _ 4 J 1 _ 
0 . . 2 . ­ Í J . 
' J . X . ¿ l t ­ > i _ 
J . ^ 2 _ ­ » o L 
0 . x 2 x 4 6 w 
J . x 2 x U i . 
'J . x 2 x ­ t J i . 
0 . ­ 2 x 4 6 » 
J . x 2 l * J I_ 






















0 . _ _ . 0 4 ' n . 
C._>5 J 4 t u 
0 ·_> J 0 4 »LI 
0._>_>04 fu 
C . 2 5 J 4 » : i 
C . J 3 J 4 » 2 
0._._> 0 4 + 2 
2 . 3 . J J4­I­2 
0._».5 J 4 »2 
' J . j j 0 4 »c 
0 . _._i J 4 ­ t u 
G . 3 . 5 J 4 ' + » 
0 . _) J J 4 »2 
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Ü . ­ . 5 34 »_ 
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